Abstract: A theory of strain-crystallization of random networks comprised of stereoregular chains is developed. The crosslinks are assumed to be expelled from crystal cores. For this reason, the rubber is considered to be represented as a random eutectoid copolymer, the thermodynamics of strain crystallisation of which is described by the use of the van der Waals model of networks. The strain dependence of the maximum melting temperatures, the degree of crystallinity and the average thickness of the crystallites calculated are shown to be in fair accord with experimental data.
Introduction
The attention of various authors has been directed to a concise interpretation of the strain-induced crystallization of rubber [1] [2] [3] [4] [5] [6] [7] [8] [9] . The first to develop the basic principles was P.J. Flory [1] . Related to the model of a Gaussian network, treated as a single component system, the basic phenomena of strain-induced crystallization were elucidated by his considerations. Gaylord improved the theory by taking into account finite chain lengths and the orientational distribution of the crystallites found in strained networks [2, 3] . A discussion of melting temperatures at different elongations has also been given by Mandelkern [4] , Krigbaum, Flo W, Oth, . However, one essential problem was not solved in all of these approaches: the finite degree of crystallinity and its well known dependence on temperature and strain [6] [7] [8] [9] is a priori not described. In Flow's treatment for example, the single component system has to undergo a phase transition with the classical phenomenon of indifferent coexistence of oriented crystallites in the remaining non-*) Dedicated Prof. Dr. R, Bonart on the occasion of his 60th birthday.
K 873 crystallized network. The consequence is that crystallization is completed at constant intensive variables (constant T, P and f), leading at the end to the fully crystallized system.
It is now of substantial significance to take into consideration that the crosslinks are in fact found to be expelled from the well ordered crystal cores [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . The crosslinks distributed along the chains are thus expected to severely constrain the crystallization abilities within networks comprised of stereoregular chains. Strictly speaking, each network should preferably be considered as a "crosslinked eutectoid copolymer", the crystallization of which is regulated by its chemical structure. It has been shown that the melting process of PE networks with different degrees of crosslinking can be fully described on these lines [10, 11] .
We found it interesting to prove whether tiffs theory could be extended for treating strain-induced crystallization in networks. We were in the position to take advantage of the existing van der Waais concept by which a description of the thermoelastic properties of rubbers can be made quantitative within the total range of strains [12] [13] [14] . We present in this paper first considerations on these lines by which we are enabled to describe the maximum melting temperatures of rubber in dependence on the degree of crosslinking and on the state of strain. Moreover, having developed a theory which delivers a complete description of crystallized equilibrium states in isotropic and in strained networks, it is decisive for its value to prove whether essential structure parameters in the oriented semicrystalline system (average thickness of the crystallites and mass fraction of the crystallites) will as well be computed in agreement with experimental data [10, 11] .
The van der Waals network [12]
The strain-energy function of a van der Waals network, W(~I) can be written as
( 1) where Go is a constant, T the absolute temperature, Mst the molecular weight of the stretching invariant unit within the chains [14, 18] . am, one of the van der Waals parameters, describes the heuristical value of maximum extension of the network. In the case of chains of sufficiently large length, am can be related to the average length of the chains [12] [13] [14] [15] [16] [17] [18] ( 2) where YN is the average number of strain invariant units per chain and (y) is the average number of monomer units per chain, with Mo as the molecular weight of the monomer unit. a relates the size of the thermodynamically relevant monomer unit (for example the isoprene-unit) to the size of the stretching invariant unit. q~ is the elastic potential of an incompressible isotropic network [15, 16] ~b = (I, -3)/2 = (~2 q_ 2/,;t -3)/2 with 11 as the first strain invariant. I/is defined by with ~m = (Ilm --3)/2 = ()t 2 + 2/am --3)/2 a is the second van der Waats parameter which is introduced to take into consideration "global interactions" between the network chains [12] [13] [14] [15] [16] .
Thermodynamics of eutectoid copolymers
Referring to recent publications [10, 19] , the thermodynamics of crystallizing networks as eutectoid copolymers is shortly recalled in this section.
The crosslinks are considered to be expelled from the crystallographicaHy ordered crystal cores. Each single link corresponds to two non-crystallizable units. The crystallizable sequences (c-sequences) form extended-sequence mixed crystals (see fig. 1 ). By segregation of these sequences into mixed crystallites a crystal thickness distribution is developed which is uniquely related to the chain length distribution in the network.
The solubility within the extended-sequence crystals (EMC) is approximately described by the relation [10, 19] Model of a eutectoid c-sequence mixed crystal. This is strictly seen as a non-homogenious microphase with defects as well as crosslinks regulating the disordered atomistic state of order of the (3) longitudinal boundary layers of the average thickness Ay/2. The solubility of the c-sequences of different lengths is in principle limited. Simplifying the actual situation the disparity in c-sequence lengths is on average characterized by Ay = Ay + B (see text). Using the equivalent two-phase model, it it is evident from the (4) sketch that nc-units "are built into this crystal". The concentration of these units is uniquely dependent upon Ay(y). The sketch in the upper part of this scheme is a drawing of the average density whereby the course in the boundaries is not exactly known. (Oc: density of the crystal core; 0,~: density of the non-crystallized amorphous (5) regions; Q-@ crosslinks)
